I. Introduction
In recent years, the residual product yield data have been widely adopted in the feasibility analyses of acceleratordriven systems (ADS) applicable, for instance, to nuclear waste transmutation 1) . This is related primarily to the information on the applicability scope of the various simulation codes used to calculate high-energy interactions in the ADS structure elements with a view to more reliable calculations of the ADS nuclear parameters. Table 1 lists the proton energies and the target materials studied in the work. Table 1 Target materials and proton energies   Target Proton energy (GeV) 0.1 0.2 0.8 1.0 1.2 1.6 2.6
II. Experiment
The samples of 10.5 mm diameter were irradiated by the external proton beam from the ITEP U-10 synchrotron 2) . The nuclide yields were determined by the direct 
III. Basic definitions and computational relations
The formalism of representing the reaction product yields (cross sections) in high-energy proton-irradiated thin targets is described in sufficient detail in 2) . In terms of the formalism, the variations in the concentration of any two chain nuclides produced in an irradiated target (D
) may be presented to be a set of differential equations that describe the production and decays of the nuclides. By introducing a formal representation of the time functions of the type
s is the duration of accelerated proton pulse; t is the pulse repetition period; u is the number of pulses within the irradiation period), which characterize the nuclide decays within the irradiation time, and by expressing (similar to the relative measurements) the proton fluence via monitor reaction cross section , we can present the unknowns as A more detailed description of the computational relations can be found in 3) and 4) .
IV. Experimental results
More than four thousand yields of reaction products in the targets listed in Table 1 have been determined and presented in our Report 3) . The data will be sent to the EXFOR experimental database. Table 2 shows the total number of the measured reaction product yields of different types in each of our measurement runs.
V. Simulation of experimental data
The following thirteen codes were used to simulate the experimental data, thus permitting the predictive power of the codes to be estimated. CEM95, 5) CEM2k, 6) CASCADE, 7) INUCL, 8) LAHET, 9) YIELDX, 10) CASCADE/INPE, 11) CAS-CADO/IPPE, 12) GNASH, 13) ALICE with the Fermi/Kataria distribution of the nuclear level densities, 14) QMD, 15) NU-CLEUS, 16) and ALICE-IPPE 17) . The procedure of calculating the cumulative yields and comparing between the experimental and simulation data is described in detail in. [2] [3] [4] As an example, Fig. 1 shows the results of a detailed comparison between simulated and experimental independent and cumulative products in
Pb irradiated with 1GeV protons.
VI. Summary on the agreement between the experimental and simulated product nuclide yields
The comparison was made for two groups of nuclei, namely, the groups with a significant fission mode (conditionally "heavy" nuclei,
Hg,
Pb,
Th, and U) and without any fission mode (conditionally "light" nuclei, § 3 Fe, § 0
Ni, § 9 Co,
Nb, and 9 9 Tc). Figure 2 reflects the information on the predictive power of the codes (mean squared deviation factor is presented).
In the case of light nuclei, where almost all product nuclides are formed by spallation, the predictive power of most of the Monte-Carlo codes is characterized by an mean squared deviation factor of at least 2.0, with the agreement being somewhat worse at low energies. The YIELDX semiphenomenological code gives the best result when predicting the reaction product yields in light nuclei and sometimes approaches the required 30% accuracy 18) . In the case of heavy nuclei, the physics of proton-nucleus interactions gets complicated due to the fission channel which is not even included in some of the tested codes (CEM95, CEM2k, HETC). Therefore, the mean squared deviation factor is very high (commonly, at least 3.0 and sometimes about an order of magnitude) for the fission products. From this it follows that, although the spallation products are described by the present-day codes somewhat better for heavy nuclei that for light nuclei (the mean squared deviation factor is bellow 2.0), the general agreement is about the same as in the case of light nuclei (the mean squared deviation factor is about 2.0 and higher). Our study shows that further development of reliable fission models is a priority task in updating all the simulation codes.
It should be also noted that, in the case of high-energy (Ev x w 1 GeV) projectile protons, most of the tested codes fail to satisfactorily describe the production of the nuclides whose nucleon compositions are close to the primary nuclei. This indicates that the the physical models used to describe 
VII. Conclusion
The presented results show that almost all of the aboveverified codes are applicable during the stage of conceptual feasibility study and development work, but are not yet reliable enough to solve the applied problems that arise when designing and operating the ADS facilities. At the same time, the yields of numerous secondary products have to be known to within a very high accuracy for many reasons (large cross sections for neutron capture, a high radiotoxicity, chemical poisoning of structure elements, gas evolution, etc.). So, the codes have to be much improved to become a reliable tool for calculating the ADS parameters. The experience gained in the present researches has shown that the experiment-simulation differences are expedient to study in detail when the projectile proton energy range is broken into several intervals. This approach will be realized for the Pb and Bi targets in the ISTC Project #2002 
